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Perspectives from 25 Years



Where have we been?



Effluents, storm water, ambient environment

Methods to permits and programs



Where are we going?



Quality data to make quality decisions
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Early U.S. EPA WET Program

1974: Region 4 conducted on-site acute tests



1983: Began use of short-term chronic testing





1984: U.S. EPA policy recommended use of whole

   effluent toxicity (WET) limits in National Pollutant   	Discharge Elimination System (NPDES) permits



1985: U.S. EPA Technical Support Document (TSD) for toxics control



1991: U.S. EPA revised the TSD for toxics control



2004: Methods court decision in the Agency’s favor
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Talking points:

During the 70's and 80's, the WET program was highly successful in reducing or removing the toxicity from effluents being discharged to receiving waters.

WET has been used as a regulatory tool in the NPDES program since the mid 70's when USEPA Region IV conducted and also required on-site flow-through acute toxicity testing at selected industries as part of a Section 308 (a)(4)(A)(iii) permittee’s monitoring requirement.

One of SETACs earliest recognition of the importance of the WET program was in the sponsoring of a “Pellston-style” environmental workshop,  held August 22-27,1982 at Valley Ranch, near Cody, WY.  The meeting of over 40 invited experts in the field of aquatic toxicology and other related topics resulted in the publication by SETAC a book on the “Environmental Hazard Assessment of Effluents” in 1985.

During the 80's chronic test methods were developed and were included as permit limits along with acute limits as a regulatory tool.

Efficacy of WET as a predictor of receiving water toxicity has been sufficiently demonstrated for specific discharge/receiving water scenarios.

The 1984 USEPA policy addresses the technical approach for assessing and controlling the discharge of toxic substances to the Nation’s waters through the NPDES permit program.

The 1985 TSD (Technical Support Document for Water Quality-based Toxics Control) provides technical guidance for assessing and regulating the discharge of toxic substance to the waters of the United States.  It supports USEPA regulations and policy initiatives involving the application of biological and chemical assessment techniques toxic pollution to surface waters.

Much experience has been gained during the 90's that have led USEPA and States to seek to build upon successes and to undertake any necessary “mid-course corrections” that may be warranted.
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Toxicity Testing Tool Uses

Toxicity testing is applicable and has been successful to assess or develop:



Municipal and industrial effluents





Ambient waters (assessing for impairment)





Storm water





Water Quality Standards (WQS) development





Total Maximum Daily Load (TMDL) targets
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Toxicity Tests Inform Regulators

Toxicity testing provides information:

Development of priority pollutant WQS

Product development



Assessment of attainment with WQS and compliance with permits

Identify toxicant(s)



Assessment of Watersheds for 303(d) lists

Ambient testing story (e.g. diazinon + chlorpyrifos)
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CWA Framework 

6



Continuing 

Planning 

Process







TMDL Minimum Elements

Identify Watershed

Identify and locate pollutant sources

Estimate existing pollutant loading

Determine assimilative capacity





 



   Point Source 

NPDES Permits

Manage 

Nonpoint Sources





List Impaired Waters



Monitor/Assess WQS Attainment



Water Quality Standards

























Integrated Watershed

Process
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Listing of Impaired Water Bodies
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Various TMDLs

2003 – Central Valley Sacramento River diazinon 

Seven runoff goals: 

To determine whether the discharge causes or contributes toxicity impairment due to additive or synergistic effects of multiple pollutants



2005: San Francisco Bay Region’s diazinon and pesticide-related toxicity in urban creeks



2014: Central Coast Region’s Santa Maria pesticide toxicity TMDL incorporates use of the Test of Significant Toxicity (TST)
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Arcade Creek Variation

9

Authors at the Arcade Creek site



Arcade Creek bank full at high water
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Integrator Sites

Delta RMP and

Field based projects

Assessing Complex Watersheds Using Multidisciplinary Approaches:  A Case Study in the San Francisco-Delta Estuary Biales, Denton, Breuer, Riordian, Batts, Crane, Schoenfuss. In Press. IEAM.

























Sacramento River at Hood

San Joaquin River at Vernalis 
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Integrator sites
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Hood field station



Looking upstream from Hood



Vernalis field station



Looking upstream from Vernalis

Real-Time Monitoring Stations
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The Exposure-Effect Hierarchy

Biological

Level

Subcellular

Cellular

Tissue/Organ

Organism

Population

Community











Molecular/RNA/Protein

Changes

Cell Death/Mitosis/Activation 

Histopathology

Toxicity Testing

Bio-assessment + Community

Assessment











Biological

Effect        

Population Decline, Adaptation                   

Population DNA Analyses
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The left of the slide is displays different biological levels of organization from the subcellular level (mRNA and Protein) to the tissue (histo) through the pop and community levels.   The right side are the things that are measured at each level.  The idea is that the interaction with the environment actually occurs on the cellular level and depending on how that interaction occurs (dose and duration and what chemicals or mixtures of chemicals) cellular changes become tissue changes.  If the tissue changes are severe enough then the organism dies or becomes sterile.  If this happens enough then populations get smaller or disappear.  Once you lose populations you disrupt the predator prey relationship and the community gets disrupted.  This whole process takes a while and by the time there are changes on the community level the place is a mess and clean up is expensive and may not work and will definitely take a while.  Normal assessments occur on the level of the community or population levels.  This is good in that when the community level is disrupted there is little doubt that something is up.  This is bad in that these changes are not really informative – a population is gone and you don’t know why or you have a fish kill with no clear reason.  Because it is clear that there is a problem this is the level where things are regulated.  The mRNA and protein levels are more transient.  Basically, a change on this level won’t necessarily translate into a change at the population or community levels.  However, these changes occur 



Toxicity Training Tool (TTT)

Reformatting and updating for permitting consistency the U.S. EPA R9/10 WET guidance (1996; 2010)





To make more clear and consistent with recent U.S. EPA documents



2002 WET rule

2000 variability and methods guidance
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Talking Points:

Denton DL, Narvaez M.  1996.  Regions 9 and 10 Guidance for Implementing Whole Effluent Toxicity Testing Programs.  



Emerging Opportunities

OIMA – Greg Gearheart & Rich Breuer

State Water Board – Quality Assurance Resources 

QA officer - Renee Spears 



SWAMP and Statewide QA experts - Melissa Morris





Environmental Laboratory Accreditation Program (ELAP) moved to Water Boards – July 2014



NPDES QA Program Plan

Adapting data systems to access TST results
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Quality Decisions

In the early 1990’s permits instructed dischargers to “do a toxicity test”





Now, permits contain standardized language with specific conditions





Question-driven approach to science



Need to align the regulatory question with the analysis

Quality data to make quality decisions
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Conclusions

The WET program is highly successful in controlling toxic discharges	



It is a useful tool in water quality control programs



The statutory and regulatory basis for WET is well established



The context of WET NPDES permitting is defensible
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Talking Points:



Conclusions

Water quality assessment utilizing toxicity testing – effective tool for watershed assessments and point source programs



The TMDL program is an integrator of the water quality program:



There needs to be a focus on watersheds instead of “individual chemical TMDLs” to evaluate potential chemical interactions



Aquatic toxicologists are needed in the agency for:



Water quality criteria development and programs

Development of permits and TMDLs

Research – genomics applications, BMP development
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Contact Information

Debra Denton, PhD

U.S. EPA Region 9

Environmental Scientist

(916) 341-5520

1001 I Street, Floor 16 

Sacramento, CA 95814

denton.debra@epa.gov
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Feedback loop

Science evolves

Research

Regulatory
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Toxicity Test Background
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What is a Toxicity Test?

Measures toxic effects of a sample on live organisms

Assesses ecologically relevant effects of chemical mixtures

A controlled laboratory experiment 

Uses standardized procedures and analyses





















Sometimes in situ
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5 gallon aquarium

Surface water diluent

Endpoint:  Lethality

Bluegill, trout 

( 30d old)



















































































































































































































































































Pre-1980

1980 - 1990

















































1 gallon jar 

Artificial diluent

Endpoint:  Lethality/

Immobility

Fathead minnow

(< 30d old)

















250-400 ml

1990 - Present

Endpoint:  Lethality/

Growth













































































































































































































































































Fathead minnow 

(< 15d old - acute)

(< 24h old – chronic)



History
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Species are those amenable to laboratory culture

Linkage to  receiving water ecological impacts

Hyalella example with pyrethroids
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Method Manuals
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Sample Collection and Handling

Quality Assurance

Test Organisms

Test Methods

Health and Safety

Dilution Water

Facilities, Equipment, Supplies

Report Preparation
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All have digital searchable versions online





T-Test

The Process
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Talking Points

The typical course of events for every WET tests is collect the sample(s), expose test organisms to the sample(s), record the biological response(s), analyze the biological data statistically, and interpret the results as toxic or non-toxic.



QA/QC Defined

Quality Assurance

Management review and oversight to ensure data quality during data collection





Quality Control

Activities required during data collection to produce the desired data quality
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QA:  Program including planning, implementation, & completion stages

QC:  Day-to-day activities to ensure good quality data







Sample Collection
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Setting or Facility
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Grab samples for stormwater and irrigated lands

Composite samples for POTWs etc



Receiving System
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Sample Definitions

Sample =  Effluent, Stormwater, or Receiving Water (i.e., ambient)



When we discuss testing an Effluent sample, we are typically referring to a concentration of concern (e.g., the in-stream waste concentration [IWC]); this is site/facility specific

Either multiple concentration or single concentration



Stormwater and Receiving Water samples are typically 100% site water
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More Terms

Some tests utilize a single sample to conduct the test.



Other tests (generally chronic) utilize up to three independent samples to conduct the test, for example the fish survival and growth tests



Depending on the test method and permit conditions, the laboratory will:



Dilute the sample to five concentrations for comparison to the control (multiple-concentration test design), or

The sample will be tested undiluted, and compared to the control (single-concentration test design)
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More Terms

A specific concentration is called a “test treatment”

A treatment is composed of:

Minimum # of replicate test chambers for each treatment

e.g., chronic fish requires minimum of 4 replicates

Minimum # of test organisms in each replicate test chamber

e.g., chronic fish requires minimum of 10 fish per replicate
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Control

Sample 

































Sample Collection and Transport

Effluent sampling point should be the same as that specified in the permit

Grab vs. Composite

Provide position data (GPS)

Chain of Custody (COC)

Recordkeeping
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Sample Holding

< 6° C sample holding temperature (required)

Maximum of 36 hours for first use of sample (required unless permission from permitting agency)







Collection on days 1, 3, and 5 (recommended), but permitting authority may allow continued use of most recent sample (required unless permission from permitting agency)

34













34





Testing





















35







The Test
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Receive Sample





Prepare Sample





Distribute Sample





Measure Water Quality





Add Organisms





Monitor Response





Terminate Test





Receive and Acclimate Organisms

















































Test Organisms

Ecologically important species

Long history of ecology, natural history, and laboratory studies with all species – rich literature

Toxicity testing began with early life history tests (U.S. EPA Duluth – Mount and Norberg et al.)

Abbreviation of tests to most sensitive/practical stages for routine testing 

P. promelas early life history stage toxicity test 1967 –1983, 7d larval test

C. dubia – partial life cycle tests 1984-1985

S. capricornutum for eutrophication studies 1971 – current test 1978 (now Pseudokirchneriella subcapitata) 
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This slide refers to the history of test development, how we got where we are with the current suite of protocols
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Taxonomic Diversity

U.S. EPA recommends the use of species from ecologically diverse taxa



At least three species (fish, invertebrate, plant) are tested for chronic exposures at least 4 times



At least two species (fish and invertebrate) for acute testing. Multiple species are tested at least 4 times to determine the most sensitive species
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•The next parameter needs to consider when selecting an appropriate test species is taxonomic diversity.

• Freshwater chronic choice is obvious as there are only three to choose from.

• The marine chronic test list includes several invertebrates.  Factors used in selecting a marine invertebrate are the types of organisms found at the discharge location, types of toxicants discharged by the facility and the relative sensitivity of the test organisms to know toxicants in the discharge.  

 Wild caught organisms vs laboratory cultured – this can be important (H. azteca example)





Acute Toxicity Tests

Biological endpoint mortality/immobility

Generally shorter test duration (< 96 hours)

Statistical endpoints:

Lethal Concentration (LC50) 

Most often is % survival used in CA

Standard t-test with only 1 test concentration 	compared to control is common too

SWAMP and SPoT programs has been using the 	TST analysis compare the site sample water to 	control for the past several years
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• The first decision for a permit writer is to determine whether a permittee should conduct acute or chronic tests to address acute & chronic criteria.

• Acute – used to determine the concentration of effluent or ambient water that produces an adverse effect (mortality) on a group of test organisms during a 24-96 hour exposure.  

• Usually measures toxicity of fast-action chemicals, such as chlorine or pesticides.

• One disadvanatage of “kill them and count them” tests is that they only indicate lethal concentrations.  Acute testing requirement might be satisfied during a chronic test by measuring survival at a given time.  This is called dual endpoint testing.

• Chronic – short-term test in which sublethal effects are usually measured in addition to lethality.  Traditional chronic tests were inconveniently long in duration; therefore EPA has come up with short-term chronic tests.  These tests were developed and selected based on sensitive species, life-stages and endpoints, taxonomic and ecological diversity, short duration, availability of organisms, and low volume requirements.

•Usually more sensitive to low level contamination



Chronic Toxicity Tests

Biological endpoints are sublethal in addition to survival (growth, reproduction)



Generally longer test duration



Statistical endpoints:

No Observed Effect Concentration (NOEC)

Inhibition Effect Concentration (IC25)

TST with only 1 concentration tested compared to control; this is being used in SWAMP and SPoT
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• The first decision for a permit writer is to determine whether a permittee should conduct acute or chronic tests to address acute & chronic criteria.

• Acute – used to determine the concentration of effluent or ambient water that produces an adverse effect (mortality) on a group of test organisms during a 24-96 hour exposure.  

• Usually measures toxicity of fast-action chemicals, such as chlorine or pesticides.

• One disadvanatage of “kill them and count them” tests is that they only indicate lethal concentrations.  Acute testing requirement might be satisfied during a chronic test by measuring survival at a given time.  This is called dual endpoint testing.

• Chronic – short-term test in which sublethal effects are usually measured in addition to lethality.  Traditional chronic tests were inconveniently long in duration; therefore EPA has come up with short-term chronic tests.  These tests were developed and selected based on sensitive species, life-stages and endpoints, taxonomic and ecological diversity, short duration, availability of organisms, and low volume requirements.

•Usually more sensitive to low level contamination





		 		  SPECIES		TEST TYPE		 TOXICANTS		ENDPOINTS 

		Fish		Fathead Minnow
Pimephales promelas 
Rainbow Trout
Onchorhychus mykiss		24, 48, 96 hr
non-renewal;
renewal;
flow-through		Ammonia
Chlorine		Survival

		Invertebrate		Water Flea
Ceriodaphnia dubia
Daphnia magna
Daphnia pulex
Hyalella azteca
Chironomus dilutus		24, 48, 96 hr
non-renewal;
renewal
		Pesticides
Surfactants
Metals		Survival



Acute Freshwater Tests
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Acute tests with effluents longer than 24h requires renewal at 48h





		 		  SPECIES		TEST TYPE		 TOXICANTS		ENDPOINTS 

		Fish		Fathead Minnow
Pimephales promelas 		7 day renewal		Ammonia
Chlorine		Growth
Survival

		Invertebrate		Water Flea
Ceriodaphnia dubia		6-8 day renewal		Pesticides
Surfactants		Reproduction
Survival

		Plant		Green Alga
Pseudokirchneriella subcapitata		96 hour 
non-renewal
		Metals
Herbicides		Growth



Chronic Freshwater Tests
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• There are only three freshwater chronic methods.

What about 10d H. azteca and C. dilutus?

Observations about behavior such as immobility useful for some applications such as in identifying pesticide toxicity in storm and ambient waters
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Acute Marine Tests

		 		  SPECIES		TEST TYPE		 TOXICANTS		ENDPOINTS 

		Fish		Topsmelt
Atherinops affinis

Inland silversides
Menidia berrylina		24, 48, 96 hr
non-renewal;
renewal		Ammonia
Chlorine		Survival

		Invertebrate		Mysid
Americamysis bahia		24, 48, 96 hr
non-renewal;
renewal
		Pesticides
Surfactants
Metals		Survival
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		 		  SPECIES		TEST TYPE		 TOXICANTS		ENDPOINTS 

		Fish		Topsmelt
Atherinops affinis		7 day renewal		Ammonia and Metals		Survival
Growth

		Invertebrate		Abalone
Haliotis rufescens
Sea Urchin
S. purpuratus
Sand Dollar
D. excentricus
Mussel
M. galloprovincialis		48 hour 
non-renewal for development or <1 hour for fertilization
		Metals		Development

Development
Fertilization
Development
Fertilization
Development

		Invertebrate		Mysid Shrimp
Americamysis bahia		7 day renewal
		Pesticides		Survival
Growth

		Plant		Giant Kelp
Macrocystis pyrifera		48 hour 
non-renewal
		Metals and Herbicides		Growth
Germination



Chronic Marine Tests
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		 		  SPECIES		TEST TYPE		 TOXICANTS		ENDPOINTS 

		Invertebrate		Freshwater Amphipod
Hyalella azteca		10 day 
28 day
42 day
Renewal		Pesticides
Organics
Metals		Survival
Growth

		Invertebrate		Freshwater Midge
Chironomus dilutus		10 day 
28 day
42 day
renewal
		Pesticides
Organics
Metals		Survival
Growth




Sediment Tests
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Both species have been adapted for use in water only exposures – to account for particular classes of contaminants in water

Hyalella = pyrethroids

Chironomus = fipronil and neonicitinoids



		 		  SPECIES		TEST TYPE		 TOXICANTS		ENDPOINTS 

		Invertebrate		Marine/Estuarine Amphipods
Eohaustorius estuarius
Ampelisca abdita
Leptocheirus plumulosa 		10 day 		Pesticides
Organics
		Survival


		Invertebrate		Marine/Estuarine Polychaete
Neanthes araceodentata
		28 day		PAHs (?)		Survival and Growth



Marine Sediment Tests
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Both species have been adapted for use in water only exposures – to account for particular classes of contaminants in water

Hyalella = pyrethroids

Chironomus = fipronil and neonicitinoids



Species Sensitivity
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		 Pesticide (ng/L)
		Ceriodaphnia LC50 		Hyalella   LC50 		Chironomus LC50

		Chlorpyrifos		53		86		290

		Diazinon 		335		6520		

		Bifenthrin 		142		9.3		69

		Permethrin 		250		21.1		210

		Imidacloprid 				65,400		5,750

		Fipronil 				728		>81.5

		Fipronil Sulfone 				213		>69.1

		Fipronil Sulfide 				458		>104
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U.S. EPA Aquatic Life Benchmarks

Maintained by EPA Office of Pesticide Programs (OPP)



Acute and Chronic Endpoint Data



Over 300 pesticides (parent compounds and degradates)
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(http://www.epa.gov/oppefed1/ecorisk_ders/aquatic_life_benchmark.htm) 
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Options for Obtaining a Numeric Target for a Specific Pesticide (prepared by Denton, Fojut, TenBrook)



EPA 304a Criteria

California Department of Fish and Wildlife Criteria

UC Davis Approach for Criteria

EPA OPP Aquatic Life Benchmark (already has a factor of 2)

Numeric Target

Divide Benchmark Value  by Safety Factor of 5

Based on 1985 Approach and Minimum Datasets

Divide Lowest LC50 by Safety Factor of 10

Lowest LC50 Value from Literature













Changing Patterns in Toxicity: SWAMP/DPR 2014 Agriculture Water Example
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		 Salinas and Santa Maria Valley Sites		Hyalella
10d water		Chironomus
10d water		EPA
3 species
chronic

		 Water Sample		SWAMP				CMP

		 Alisal Slough @ Hartnell Rd		T		T		-

		 Chualar Creek @ Chualar River Road*		T		NT		NT

		 Main St. Ditch @ Main St.		NT		NT		NT

		 Orcutt Creek @ West Main		T		T		NT

		 Oso Flaco Creek @ OF Lake Rd		T		T		NT

		 Quail Creek @ SR-101		T		T		NT

		 Rec Ditch III (Near Airport Blvd)		T		T		NT

		 Solomon Creek @ SR-1		NT		T		NT

		 Tembladero Slough @ Haro		T		NT		NT

		 Percent Toxic		78%		67%		0%

		 Combined Percent Toxic		89%				















Changing Pesticide Patterns:
Urban Sediment Example
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		Pesticide		Percent Detection		Concentration
Range
(ng/g dw)

		Bifenthrin		95%		ND – 463.0 

		Fipronil		20%		ND – 13.1

		Fipronil sulfide		40%*		ND – 6.4

		Fipronil sulfone		60%*		ND – 51.0

		Chlorpyrifos		5%		ND – 20.7

		Neonicitinoids		Not Measured		Not Measured



*Toxic degradates

Stream Pollution Trends Program (SPoT): Current Use Pesticides in Tier II Urban Sediments in 2013 (N=42)













Selection of Dilution Water

Laboratory water or receiving water

Choice of water is dependent on the objectives of the test



Absolute toxicity: use standard lab dilution water

Estimate of toxicity in uncontaminated receiving water: use receiving water

Use receiving water upstream or outside outfall
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Figure 6-1 in Method Guidance & Recommendations…EPA 821-B00-004

Acceptable dilution water for WET testing are:

	Appropriate for objectives of the test

	Support adequate control performance in test organisms

	Consistent in quality

	Does not contain contaminants that could produce toxicity 

May be either a standard laboratory water or the receiving water

Choice of water is dependent on the objectives of the test

Absolute toxicity: use standard lab dilution water

Estimate of toxicity in uncontaminated receiving water: use receiving water

Contaminated receiving water: use receiving water upstream or outside outfall

May be either a standard laboratory water or the receiving water

Choice of water is dependent on the objectives of the test

Absolute toxicity: use standard lab dilution water

Estimate of toxicity in uncontaminated receiving water: use receiving water

Contaminated receiving water: use receiving water upstream or outside outfall

Use of receiving water may require a second set of controls with culture water.

Acclimation of organisms to salinity

forty fathoms

Brine from saltwater

Spring water

DI water

Use of receiving water in a test for controls generally requires the use of a second set of controls using standard laboratory water.

Effluents are typically freshwater and are not appropriate for the use of saline test organisms.  This necessitates the adjustment of the effluent with dry artificial sea salts. Can result in artifactual toxicity.  Increase pH least to increase in ammonia.



Adjusting Water Salinity



If freshwater discharge is going into a marine environment, then effluent should be tested with marine water

This is accomplished by increasing the salinity of the effluent (salting up)

Final salinity should mimic receiving system

Include salinity control
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Final salinity is specific for the test method, not the receiving system

Artificial sea salt for salinity adjustment vs use of hypersaline brine

Urchin fertilization – use of hypersaline brine only



Test Solutions

Negative control – dilution water

Positive control – reference toxicant

Brine/conductivity control

Sample – generally multiple concentrations (effluent) or single concentration (storm water, ambient)
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•The number of dilutions depends on the choice of statistics and experimental design

TST compares control to one concentration (= IWC).  

USEPA recommends a multi-concentration test with a minimum of 5 concentrations and control

Typically, the test consists of at least five effluent concentrations plus a dilution water control.  

The selection of effluent test concentrations should be based on the objectives of the study.   In the case with ambient water samples, a single concentration test with a 100% sample is compared to a control.  But in most cases with discharge samples,  EPA recommends that one of the five effluent concentrations must include the IWC.  At least two below the IWC and two above the IWC.

• The test method specifies the number of test organisms for each test solution and the number of replicates required for each test concentration (normally 4 or greater in chronic tests, less in acute).

 • The method specifies the recommended test chamber size and test solution volume.

Effluents typically not of a salinity appropriate for saltwater test organisms.

Salinity can be adjusted with dry sea salts or hypersaline brine.

Whenever salinity adjustment is necessary, brine controls must be used.

Brine controls must meet TAC

Brine controls should be used in statistical comparisons.





Test Measurements

55

Dissolved oxygen

pH

Temperature

Salinity (marine only)

Conductivity (freshwater only)

Total hardness and alkalinity (freshwater only)

Ammonia (required for NPDES)

Total residual chlorine (required for NPDES)
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Final salinity is specific for the test method, not the receiving system

Artificial sea salt for salinity adjustment vs use of hypersaline brine

Urchin fertilization – use of hypersaline brine only
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Confounding Issues (Ammonia)

Unionized ammonia can be a sole source of toxicity or mask toxicity due to other contaminants



Ammonia in effluent can be removed using solid phase extraction with clinoptilolite, zeolite, and pH shifts following U.S. EPA’s Toxicity Identification Evaluation (TIE) procedures



Clinoptilolite may be a superior technique for marine toxicity tests:

Lower affinity for metals and organics than zeolite

Simpler technique than pH shift
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Confounding Issues (Ammonia)

Possible removal of highly hydrophobic non-polar organic compounds should be confirmed (e.g., pyrethroids):



Column elution with solvent, combined with toxicity add-back procedure

Lack of toxicity in solvent add-back confirms absence of organic removal 

Presence of toxicity in solvent add-back should be investigated
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Confounding Issues (Pathogens)

Pathogen Related Toxicity (PRT) for Fathead Minnows

First step is to confirm presence of PRT

Mortality due to pathogens can confound results of larval fish tests:

Indicated by “sporadic” toxicity

Lack of concentration-related effect

High between replicate variability; examine the within treatment – coefficient of variation >40%

Presence of fungal growth on dead larvae
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Confounding Issues (Pathogens)

U.S. EPA (2002) Recommended Steps

Rigorous QA procedures to ensure clean glassware and test conditions – important first step



Parallel testing using reconstituted water and receiving water as diluents to determine source of pathogens:

Lack of toxicity in reconstituted water – use this as diluent

If receiving water is required as diluent – follow alternate procedure to reduce PRT
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Confounding Issues (Pathogens)

U.S. EPA non-modified = 

2 treatments x 4 reps x 10 fish/rep = 80 fish

U.S. EPA modified for PRT = 

2 treatments x 20 reps x 2 fish/rep = 80 fish

Geis method =

2 treatments x 10 reps x 2 fish/rep = 40 fish

Regional Board approval to modify  method– use of fewer fish per test chamber while maintaining the total number of fish test  is unchanged 

U.S. EPA does not encourage the use of Geis method

Use of antibiotics or chlorination once PRT confirmed 













61

Confounding Issues (Availability)

Organism Availability



Cultured organisms are generally available year round



Wild-caught organisms can be more difficult to obtain, but there are often alternate suppliers



If an organism is truly unavailable, then substitute organisms may be used (i.e., sand dollars for urchins, oysters for mussels, silversides for topsmelt)













Confounding Issues (Emerging Issues)

pH deviation and toxicity to C. dubia



Interaction of UV irradiation and toxicity to C. dubia



Communication with Toxicity Help Desk
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Web Links – Toxicity Test Methods

Freshwater and Marine Acute Methods: http://water.epa.gov/ scitech/methods/cwa/wet/upload/2007_07_10_methods_wet_disk2_atx.pdf

Freshwater Chronic Methods: http://water.epa.gov/scitech/ methods/cwa/wet/upload/2007_07_10_methods_wet_disk3_ctf.pdf

Marine and Estuarine Chronic Methods: http://water.epa.gov/scitech/methods/cwa/wet/upload/2007_07_10_methods_wet_disk1_ctm.pdf

West Coast Marine Chronic Methods: http://nepis.epa.gov/

Sediment Methods: http://water.epa.gov/polwaste/sediments/ cs/upload/freshwatermethod.pdf and http://water.epa.gov/polwaste/ sediments/cs/upload/marinemethod.pdf

Chronic water column tests with H. azteca and C. dubia Deanovic et al.  2013.  Environ Toxicol. Chem. 707-712.
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QA/QC and Reviewing Test Data



















Quality Assurance Management review and oversight to ensure data quality during data collection.

Quality Control Activities required during data collection to produce the desired data quality.
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Aspects of Toxicity Tests that Affect Data Quality



Effluent and receiving water sampling and handling

Source and condition of test organisms

Condition of equipment

Test conditions

Instrument calibration

Replication

Reference toxicants

Record keeping

Data evaluation

Lab experience/competence
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Method-Specific Test Conditions

Test type and duration

Temperature, light, photoperiod, dissolved oxygen, salinity/conductivity

Chamber size and volume

Species selection, age, and feeding

Dilution water

Dilution series/experimental design

Test acceptability criteria (TAC)

Test measurements (pH, DO, temperature)
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Required vs. recommended conditions in methods manuals



SWAMP Method Quality Objectives Tables
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Includes what kind of container to collect the sample, and how long it can be held.  These differ slightly from
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Recommended Test Conditions

Examples of recommended conditions include:

Temperature

Light quality and intensity

Aeration (none)

Test chamber size and test solution volume

Deviations from the recommended test conditions may or may not invalidate a test result depending on the degree of departure and the objective of the test

Test condition deviations that continue to occur frequently in a given laboratory may indicate the need for improved quality control in that lab

68















68



Required Test Conditions

For each test species method – there is a summary table of Test Conditions and TAC



Examples of required test conditions include:

Age of test organisms at test initiation

Renewal of test solutions

Test duration

Test endpoint (e.g., survival)



Required test conditions must be met for the test to be considered valid, and invalid tests must be repeated with a newly collected sample
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Test Acceptability Criteria

A list of required, method-specific control performance characteristics used to determine whether or not test results are valid (only related to control)

Minimum survival

Minimum growth, reproduction, fertilization, etc.



Must be reviewed first upon receipt of toxicity test report



A test that fails to meet the TAC is invalid
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A good lab is going to look at this right away.
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TAC – Ceriodaphnia dubia Example

Acute Test

90% or greater survival in control treatment



Chronic Test

80% or greater survival in control treatment

Average of 15 or more neonates per surviving female in control treatment

≥ 60% of surviving females produced 3 broods (exclude 4th brood)
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Reviewing Toxicity Test Reports

Review TAC:

All criteria must be met, and the test is invalid if any TAC is not met

All invalid tests must be repeated with a newly collected sample



Review other pertinent test conditions:

All conditions should be met, but the test is not necessarily invalid if only one test condition not met

Test may be suspect if multiple conditions are not met.





72













Other test conditions may be specified in the permit.

Example – still test a sample if it came in at 6.2 degrees.  Discuss if consistently coming in at 8 degrees.  Multiple conditions might include holding time, temperature, etc. 
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Reference Toxicant Tests

An exposure to a dilution series of a known contaminant, such as a metal or salt 

Used for initial and ongoing demonstration of:

Test organism sensitivity and health

Lab performance 

Test precision



Monthly or concurrent testing

Not a “de facto criterion” for test rejection

Control Charts

Labs should evaluate coefficients of variation based on national values (U.S. EPA  2000 or 2010)
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Control Charts
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Acceptance Limits for reference toxicant tests are +/- 2 SD.  What happens if there is a test outside the limits?



Control Charts
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Acceptance Limits for reference toxicant tests are +/- 2 SD.  What happens if there is a test outside the limits?



Control Charts
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41.2

15
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Acceptance Limits for reference toxicant tests are +/- 2 SD.  What happens if there is a test outside the limits?



Conclusion 

QA/QC is responsibility of lab and NPDES permittee



Data quality impacted by numerous elements



Test conditions, test acceptability, and test review steps are prescribed in methods manuals as either:

Required

Recommended



77













77





Important laboratory QA components:



Conducting reference toxicants to evaluate organism health and ongoing lab performance



Tracking control performance for each test method and endpoint – plot mean and standard deviation



Water quality measurements are within test ranges





Test Review components, such as review of concentration response curves, are not a QA component of the test methods
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Conclusion 













Toxicity Test Statistics
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Module Objectives

Describe current statistical approaches for Hypothesis Testing and Point Estimates



Use these descriptions as an introduction to the Test for Significant Toxicity (TST) and provide a brief explanation of the TST



Provide data examples of the different statistical approaches















Hypothesis Test - Does a critical concentration of the sample show a statistically significant decrease in organism response as compared to the control?

Multiple Concentration - Compares each tested concentration to the control to determine the LOEC (statistically significant response) and NOEC (not statistically significant response) 

Dunnet’s Test, Steel’s Many-One Rank Test, etc.

Single Concentration - Compares an important concentration (the IWC) to the control to determine if there is a statistically significant response: Pass (not toxic) or Fail (toxic)

TST or standard t-test

Point Estimates - At what concentration is an effect observed and is the critical concentration (IWC) less than this value? 

Multiple Concentration - LC50, EC25 or IC25
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Is There a Toxic Effect?













State’s Choice of Statistical Approach for Analysis

A State must decide which statistical approach:

Hypothesis testing (to generate NOEC/LOEC or pass/fail) or 

Point estimation techniques (to generate IC25 or LC50)



This is indicated in 40 CFR Part 136 where the choice is clearly shown that the test method allows expression of results using either statistical approach



Section 9.5 is titled, “Choice of Analysis” in the chapter on Test Endpoints and Data Analysis  



The statistical flow charts for the chronic toxicity referenced in Section 9.5.1 of the Chronic Toxicity Method Manual clearly indicates a choice for test data analysis between point estimate and hypothesis testing methods
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Multiple-Concentration Test Design
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Used for No Observed Effect Concentration (NOEC) and Lowest Observed Effect Concentration (LOEC) analysis, and Point Estimates such as median lethal concentration (LC50) or median effect concentration (EC50)
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Multiple Concentration
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NOEC

LOEC

LC50













Copper Reference Toxicant Test

% Fertilized	2.1269904639996637	2.4178422763993832	11.42876580259399	14.029317906950748	8.2444060736227573	0.51281230826016677	2.1269904639996637	2.4178422763993832	11.42876580259399	14.029317906950748	8.2444060736227573	0.51281230826016677	0	5.6	10	18	32	56	95.958780127096844	94.878433057949763	85.654291066619763	54.696740622748131	8.5728038072061228	1.0737976080047584	Copper Concentration (µg/L)

Percent Survival



































Control

Sample 





















Used for t-tests and TST



Can also be used in multiple concentration tests, but only to compare the concentration of concern with the control
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Single Concentration Approach - Compares Sample to Control
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Sometimes, hypothesis tests can detect small differences between control and sample
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Effects of Variability

% Effect = 11.7

NOEC = Toxic

TST = Non Toxic
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C. dubia Reproduction

3.6	3.6	Control	IWC	42	6.1	6.1	Control	IWC	37	Control   			IWC



Average Reproduction





Sometimes, hypothesis tests CANNOT detect actual differences between control and sample
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Effects of Variability

% Effect = 30.9

NOEC = Non Toxic

TST = Toxic













Freshwater tests
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C. dubia Reproduction

2.2000000000000002	2.2000000000000002	Control	IWC	23	12.3	12.3	Control	IWC	16	Control   			IWC



Average Reproduction





Effects of Variability on t-Test Result
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Control Mean = 90% Survival (SD = 7.1%)
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22% Effect with Increasing SD

Significant	0	7.1	15.8	0	7.1	15.8	1	2	3	4	5	77.8	77.8	77.8	Not Significant	22.4	30.8	22.4	30.8	1	2	3	4	5	77.8	77.8	Survival (% Control)



Effects of Variability on TST Result
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Control Mean = 90% Survival (SD = 7.1%)
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22% Effect with Increasing SD

Pass	0	7.1	0	7.1	1	2	3	4	5	77.8	77.8	Fail	15.8	22.4	30.8	15.8	22.4	30.8	1	2	3	4	5	77.8	77.8	77.8	Survival (% Control)



Purpose of Hypothesis Tests 

and Basic Considerations

Purpose: 

Determine if biological response of tested concentrations are different than the control



Considerations: 

Interpretation affected by power of the statistical test (number of replicates; within-test variability)



Depends on the statistical question posed



Can be conducted in a multiple-concentration design or a single concentration design
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Multiple Concentration Flow Chart
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 Comprehensive Environmental Toxicology Information System (CETIS)













Single Concentration Flow Chart
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Described in Appendix H of Chronic Toxicity Method Manual













Purpose of Point Estimate Tests 

& Basic Considerations

Purpose: 

Determine the concentration at which a particular effect level (e.g., 25% effect) occurs in the biological response





Considerations: 

Shape of the concentration-response relationship needs to be monotonically decreasing; requires multiple concentrations
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Review of Concentration Response
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Interrupted Concentration Response
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Interrupted Concentration Response
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Transition from no significant effect to complete effect.

 Valid concentration-response relationship.

 Recommended statistical analysis will provide reliable results.

 Precision of the endpoint estimates can be improved by either increasing the number of effluent concentrations (i.e., intermediate concentration between 25 and 50%) or closer spacing effluent concentrations.



Stimulation, then Significant Effects
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Concentration Response:
Three Possible Outcomes 

The calculated effect concentrations are reliable and should be reported



The calculated effect concentrations are anomalous – further investigation and explanation necessary



Test results were inconclusive – collect new sample and repeat test
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Talking Points 

In the Final 2002 Rule, USEPA requires the review of concentration-response relationships for all multi-concentration tests.  Under this requirement, the concentration-response relationship generated for each multi-concentration test must be reviewed to ensure that calculated test results are interpreted appropriately.

This means that the concentration-response relationship be reviewed, but does not require that a concentration-response relationship be established before determining that toxicity is present.

Examining the curve can be helpful in determining whether an effluent is toxic and in identifying anomalous test results.

It should be noted that the determination of a valid concentration-response relationship is not always clear cut.  In some cases, data interpretation may require consultation with professional toxicologists and regulatory officials.

Tests that exhibit unexpected concentration-response relationships also may indicate a need for further investigation and possible retesting.



Use of CRR with TST?

The concentration-response relationship (CRR) was designed to assist in the more complex review of the NOEC and point estimates (EC25)



The CRR is a test review step and not a quality assurance requirement



The statistical approach of TST is different from that of the NOEC approach, and while the interpretation of the CRR plays a role in the review of the NOEC, it is not necessary for the TST analysis
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Calculate PMSD

Exceeds Upper Bound

Within Bounds

Less than Lower Bound

Adjust NOEC;

Consider ONLY Effect Greater Than Lower Bound

Report Calculated NOEC

NOEC < IWC (Toxicity Detected)

NOEC > IWC (No Toxicity Detected)

Test not accepted &

Repeat Test w/ New Sample

Percent Minimum Significant Difference (PMSD)

100













Percent Minimum Significant Difference (PMSD)
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		Conc.		Mean Reproduction		Percent Effect		NOEC/LOEC		Adjusted NOEC/LOEC

		0		28.2		0				

		6.25		26.1		7.4		NOEC		

		12.5		25.3		10		LOEC		NOEC

		25		23.4		17				LOEC

		50		12.4		56				

		100		5.1		82				



Ceriodaphnia Reproduction PMSDs: Lower 13%, Upper 47%

PMSD for this test is 9.9%; therefore, can adjust NOEC/LOEC if possible



Examples from U.S. EPA 2000 Variability Guidance Document













Percent Minimum Significant Difference (PMSD)

The PMSD only applies to the sublethal endpoint, and only when using the multi-concentration for the NOEC approach  



Cannot be used for acute tests and cannot be used for single-concentration test design
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PMSD = 55.9% and the NOEC reported was 100%

According to the manual, required to conduct a new test on a newly collected sample  

This is an example of poor quality data, not an issue with statistical analysis













Performance – QA vs. Statistics

QA/QC is measured by: 

Control performance within a test and over time, as measured by the mean, standard deviation and Coefficient of Variation (CV)



Laboratory performance with the standard reference toxicant over time – indicates the test organism sensitivity and performance of the lab over time



Laboratories should not confuse QA/QC with statistical analysis
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EPA Methods (40 CFR Part 136)

Methods must be followed as they are written (USEPA Methods must be cited)



New permits and permit re-issuance incorporate the methods into the permit



There are USEPA guidance documents within the methods:

USEPA. 2000. Method guidance and recommendations for whole effluent toxicity testing (40 CFR Part 136). Office of Water, Office of Science and Technology. Washington, DC. EPA/821/B-00/004.

USEPA. 2000. Understanding and accounting for method variability in whole effluent toxicity applications under the National Pollutant Discharge Elimination System Program. Office of Water.  Washington, DC. EPA/833/R-00/003.
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Issued November 19, 2002 - Vol. 67. No. 223, 40 CFR 136 - Effective December 19, 2002

Ratified most of the previously adopted methods - Amended the table containing the  toxicity methods



We Want to Answer the Question:

“Is the Sample Toxic?”



For the purposes of a regulatory program, the statistics should give you a “yes” or “no” answer



The TST is designed to give a yes or no answer using rigorous, peer-reviewed statistics



Only control and a single sample are statistically compared, and the permittee now demonstrates that sample is NOT toxic  
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What is the Test of Significant Toxicity?

A peer reviewed, statistical analysis procedure for toxicity data (Denton et al., 2011; Diamond et al., 2011; Zheng et al., 2013; Diamond et al., 2013)



Can be used with all environmental programs involving toxicity testing:

Ambient

Stormwater

Effluent

Sediment
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TST is NOT a Change to the Toxicity Test Methods

Labs still conduct the same biological test methods:



Same organisms

Same food

Same testing procedures

Same TAC
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How is TST Different from Other 

U.S. EPA Analysis Approaches? 


TST uses explicit regulatory management decisions and test design error rates to ensure that:

Biologically insignificant effects are declared non-toxic most of the time

Unacceptable toxicity is identified as toxic most of the time



The result is that regulatory decisions will have higher confidence and will be more transparent using TST 
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Hypothesis Testing and the TST
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				Traditional		TST

		Null Hypothesis				

		Type I (alpha)				

						

						

		Type II (beta)				

						

						



Set at 0.05

Sample is safe, but declared “toxic”

Permittee Concern

Set at 0.05 – 0.25

Sample is toxic, but declared “safe”

Regulatory Concern

Not Established

Sample is toxic, but declared “safe”

Regulatory Concern

Set at 0.05

Sample is safe, but declared “toxic”

Permittee Concern

Mean sample ≥ Mean control

Sample is Safe

Mean sample ≤ b * Mean control

Sample is Toxic

Rejecting when True

Accepting when False













Null Hypothesis refers to a general or default position: that there is no relationship between two measured phenomena.

In both cases Alpha is the Type I Error Rate (rejecting the null when it is true), and Beta is the Type II Error Rate (accepting the null when it is false).  

TST method flips the null hypothesis.  
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Ho: Mean sample < b * Mean control



Represents the threshold for unacceptable toxicity



The proportion of control response that is considered equivalent to the control (i.e., within typical response ranges for the test) 

	  =  20% effect for acute tests  

 	  =  25% effect for chronic tests (similar to IC25)



Ensures that small, but statistically significant differences between control and an effluent concentration (e.g., IWC) are not interpreted as a toxic response

What is the Bioequivalence b?
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Alpha value derived to achieve minimum error rates in identifying:

Effluents that are toxic 

These are test method-specific



Beta value derived to achieve minimum error rates in identifying:

Effluents that are considered non-toxic from a regulatory management perspective

This is set at 0.05 for all methods, which is the same under previous approach

Test Design-Specific Alpha & Beta Level
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Data entry and analysis are more straightforward



Data interpretation is clear

TST report Pass/Fail and Percent Effect at the IWC



Point Estimate

Must review Concentration Response Relationship and address non-monotonic data sets



NOEC

Must review PMSD – see flowchart

Must review Concentration Response Relationship and address non-monotonic data sets

Simpler Approach
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TST Analysis Flowchart

Conduct WET test

Apply arcsine square root transformation for percent data 

(e.g., survival) 

Calculate t value using TST Welch’s t-test

Calculated t value > critical t value?

YES

NO

Sample is NOT Toxic

“Pass”

Sample is Toxic

“Fail”
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Effluent Test Drive

Results of effluent toxicity endpoint analysis 

(n = 890) [See Diamond et al., 2013]
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More on Statistical Errors
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The toxicity test methods have a Type I error rate of 5%, or less. 

Of tests that had a percent mean effect of less than 20% or 25% (chronic or acute, respectively), the TST analysis declared 3.7% as toxic, whereas the NOEC analysis declared 5.5% as toxic.

Of tests that had a percent mean effect of less than or equal to 10%, the TST analysis declared 0.1% as toxic, whereas the NOEC analysis declared 2.8% as toxic. 

These two results demonstrate that truly non-toxic samples are more often declared non-toxic using the TST approach.
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More on Statistical Errors

117

Toxicity test results based on the TST hypothesis statistical approach or the current NOEC hypothesis statistical approach are generally the same, indicating that use of the TST will not change the number of enforcement actions over the current status.



Although the Type I error rate of the methods is at or below the level expected (5%), statistical errors do occur.  EPA accounts for this possibility in the compliance and enforcement guidance.



EPA does not recommend that the initial response to a single exceedance of a toxicity limit, causing no harm, be a formal enforcement action with civil penalty (USEPA 1995).  EPA policy suggests that additional testing is an adequate initial response to a single limit exceedance.

  

Toxicity permits are often expressed as a monthly median (i.e., three tests).  The daily maximum is at an equal or greater than 50% effect. 
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Multiple-Concentration Test Design with Two-Concentration TST Analysis
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TST Calculator (V 1.8)

CETIS™

Analysis Tools
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Summary

Permit language guides discharger & permitting authority



Review toxicity test results 



Use EPA guidance documents to assist in test review



Get help when you need it
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Toxicity Reduction Evaluations and 
Toxicity Identification Evaluations
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A site-specific study, conducted in a stepwise process designed to:



Identify

Isolate

Evaluate 

Confirm

Toxicity Reduction Evaluation (TRE)
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TREs are site-specific studies (within plant or municipal system) initiated when WET exceeds permit limits/monitoring triggers

TREs are designed to:

Identify causative agent(s) of acute or chronic toxicity

Isolate source(s) of the toxicity

Evaluate effectiveness of source (pollution) control and/or treatment options

Confirm effectiveness of measures

Overall TRE goal is to achieve compliance with permit WET requirements and reduce toxicity.







Toxicity Monitoring

Exceeded Toxicity Limit

Accelerated Testing

Conducted

Toxicity 

Repeated?

Return to Regular 

Monitoring

Initiate TRE

No

Yes

Frequency?

Number of failures?

Adequate Work Plan 

in place?

TRE Flow Chart
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Discourage “playing hunches” or making modifications with incomplete information



Ensure TRE Work Plan is detailed with opportunities for frequent feedback and communication. Most importantly has milestones with timelines.

Develop reasonable compliance schedule

Responsibilities of Permitting Authority
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Require that any changes in the schedule be discussed/approved with regulatory authority

Key part of TRE is detailed Study Plan with a reasonable compliance schedule





Technically credible

Contains a reasonable schedule

Uses experienced personnel and labs

Complete list of data types to be reviewed

Schedule

List of reports

Outlines roles and responsibilities

Elements of Work Plan
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Information & data acquisition

Facility performance evaluation

Toxicity identification evaluation

Toxicity source evaluation

Toxicity control evaluation

Toxicity control implementation and follow-up monitoring



Six Steps to Consider in a TRE
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Evaluate existing site-specific information

Evaluate facility operations and maintenance practices

Toxicity Identification Evaluation (TIE)

Source investigation

Toxicity treatability evaluation

Toxicity control method selection, implementation and monitoring





A TIE is not required in performing a TRE, and in some cases, may not be the best approach to use  

However, in general, a TIE is very useful tool for guiding a successful TRE
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TIE is a sub-component of the TRE

A three-phase process to characterize, identify, and confirm causes of toxicity

Causative approach coupling chemistry and toxicity testing 

Applicable to effluents, ambient waters, and sediments (bulk and pore water)

Toxicity Identification Evaluation
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Phase I TIE Process - Characterization
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Solid-Phase Extraction Columns













Further analyses to focus on specific toxicants, help ID multiple toxicants:

Filterable toxicants

Solid-phase extraction (SPE) fractions - eluting columns

Ammonia - graduated pH, zeolite, or air stripping

Cationic metals - EDTA, cation SPE, sodium thiosulfate, graduated pH

Surfactants - MBAS & CTAS analysis

MBAS = Methlyene blue active substances

CTAS = Cobalt thiocyanate active substances

Phase II TIE - Identification
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Confirms that toxicant(s) are correctly identified



Sample spiking



Species sensitivity



Correlation



Symptoms



Mass balance

Phase III TIE - Confirmation
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Support innovative approaches if technically feasible and scientifically sound



Assist as appropriate, but do not assume responsibility for TRE design



Allow the process to work, but extensions should only be granted if warranted by progress

Role of Permitting or Compliance Authority
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Example 1

Central Contra Costa Sanitation District – Copper Toxicity

TRE/TIE Case Studies
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Municipal wastewater treatment plant (secondary)

Testing with echinoderm species Dendraster excentricus and Strongylocentrotus purpuratus

Monthly tests frequently exceeded the permit limit: NOEC ≥ 10%

Ammonia detected in effluent, but lower than toxic threshold based on measurements

Facility directed to conduct a TRE to identify constituents responsible for toxicity



Background
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Two TIEs were conducted with D. excentricus



Toxicity Identification Evaluations

		Treatment		Sample 1		Sample 2

		pH 3		No effect		Increased Toxicity

		pH 11		Eliminated Toxicity		No Effect

		Filtration		No Effect		No Effect

		Aeration		No Effect		No Effect

		EDTA		Eliminated Toxicity		Eliminated Toxicity

		Sodium Thiosulfate		Eliminated Toxicity		Eliminated Toxicity

		C18 Column		No Effect		No Effect

		C18 Eluate		No Toxicity		No Toxicity
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Results

Elimination of toxicity by both EDTA and Sodium Thiosulfate indicate toxicity was caused by cadmium, copper, or mercury

Concentrations of metals in effluent were compared to effects concentrations



		Metal		Effluent Concentration (µg/L)		NOEC (µg/L)

		Cadmium		<0.2		>9.4

		Copper		5-20		3.8-13.1

		Mercury		<0.2-0.4		>0.7
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Effluent results compared to effluent with additional copper (2x)



Confirmation

		Effluent %		 Copper (µg/L)		% Fertilized		 Copper (µg/L)		% Fertilized

		0		0		96		0		96

		8.4		0.8		97		1.6		91

		16.8		1.6		97		3.3		90

		33.5		3.3		91		6.6		83

		67		6.6		82		13.2		75
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Example 2

Pyrethroid Pesticides in Agricultural Sediments

TRE/TIE Case Studies
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Discharge Background
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 Row crop agriculture

 Daily tailwater runoff - 	turbid

 Water and sediment 	toxicity

 Complex mixtures of 	legacy pesticides, op 	pesticides, & pyrethroids

 Low metals and ammonia

Upper Input















Toxicity Detected







0% survival 10d whole sediment

0% survival 96h interstitial water
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TIE Initiation

Whole Sediment TIE

Phase I Treatments to characterize metals vs. organics 

Phase II Treatments to identify organics



Interstitial Water TIE

Agricultural runoff exclusively; several TIE treatments were omitted:

Ammonia measured but was below known toxicity threshold

No methods for volatiles, oxidants, surfactants





144













145

Interstitial Water TIE: Phase I and Phase II Treatments Combined













TU	Baseline	HLB Column	HLB Eluate	Enzyme	BSA	PBO	6.3291139240506329	2.3529411764705781	6.7567567567567455	1	4.8309178743961345	20	Toxic Units



Selected Organic Pesticides Detected in Sediment

Pyrethroids		Unit		Measured	LC50 	

Cypermethrin	ng/g		66.4		14.9	

(Es)Fenvalerate	µg/g OC	0.62		1.54	

L-cyhalothrin 	µg/g OC 	0.79		0.45	



Organochlorines						

Total DDT		µg/g OC 	23.05		2,580

	

Organophosphates					

Chlorpyrifos		ng/g		ND		399	

Diazinon		ng/g		ND

		

Total Organic Carbon (OC) (%)		2.37		
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Weight of Evidence Approach

Whole Sediment Lines of Evidence

Reduction of toxicity with coconut charcoal addition (organic)

No reduction with metal resin (not metals)

Reduction of toxicity with enzyme addition (pyrethroid)

Interstitial Water Lines of Evidence

Reduction and recovery of toxicity with HLB Solid Phase Extraction (organic)

Reduction of toxicity with enzyme addition (pyrethroid)

Increase in toxicity with piperonyl butoxide (PBO) addition (pyrethroid)

Sediment Chemistry

18 toxic units cypermethrin + 2 toxic units of L-cyhalothrin
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Source Identification

Ditch conveys water from multiple fields on one farm

Grower is aware of issue and communicates with pesticide applicator





Toxicity Reduction

Implementation of integrated pest management practices

Addition of vegetation

Irrigation management
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Toxicity Reduction Example: Agriculture Runoff
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Carbon and compost in an integrated Vegetated Ditch System



2 Year Study: 2013-2014

Multiple simulated field trials with spiked chlorpyrifos













Toxicity Reduction Example: Agriculture Runoff
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		50 gal/min		100 gal/min



		Average Percent Chlorpyrifos Reduction		

		97		89



		Average Percent Infiltration		

		52		43



		Average Percent Load Reduction		

		89		90



		Average Percent TSS Reduction		

		80		82



		Toxicity Reduction?		

		2 of 3		1 of 3















Toxicity Reduction Example: Urban Stormwater Bioswale Treatment
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Bioswales are one of the main LID practices for treating urban runoff - surface and groundwater treatment

Treatment of parking lot runoff



Tressor Apt Complex

Boronda Shopping Center

3 storm events

Treatment of parking lot runoff: inflow vs outflow samples

Chemistry and toxicity
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		 Bioswale
 Station		Hyalella Survival		Chironomus Survival		Total Pyrethroid		Total Fipronil		Copper		Zinc		Total PAH		TSS

		 		%		%		ng/L		ng/L		µg/L		µg/L		µg/L		mg/L

		 KHOL'S IN		72		83		30.5		2.0		78		590		0.468		136

		 KHOL'S OUT		98		90		0.4		1.1		5.9		15		0.004		38

		 CHILI'S IN		66		81		15.9		1.0		32		220		0.373		140

		 CHILI'S OUT		98		71		12		3.4		7.3		18		0.005		12

		 TRESOR IN		14		48		169		18.4		28		220		0.47		93

		TRESOR OUT		84		81		25.8		11.2		5.1		34		0		20



All input samples were toxic to Chironomus growth endpoint.  All output samples non-toxic. Trace of imidacloprid detected at Khol’s input.  Non-detect at output.  

No toxicity to Ceriodaphnia observed.

Toxicity Reduction Example: Urban Stormwater Bioswale Treatment
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Phase I TIE: http://www.epa.gov/npdes/pubs/owm0330.pdf

Phase II TIE: http://www.epa.gov/npdes/pubs/owm0343.pdf

Phase III TIE: http://www.epa.gov/npdes/pubs/owm0341.pdf

Phase I (Chronically Toxic) TIE: http://www.epa.gov/npdes/pubs/owm0255.pdf

Marine TIE Phase I Guidance Document: http://www.epa.gov/clariton/clhtml/pubtitleORD.html

Sediment TIE Guidance Document: http://www.epa.gov/nheerl/download_files/publications/Sediment%20TIE%20Guidance%20Document.pdf









Web Links – TIE Documents
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http://dnr.wi.gov/org/water/wm/ww/biomon/docs/Chap2x2TREs.pdf

http://www.reimeranalytical.com/newsletter%205%20tie.pdf

http://www.sfei.org/sites/default/files/WrkspTox_0.pdf

Norberg-King TJ, Ausley LW, Burton DT, Goodfellow WL, Miller JL, Waller WT. 2005. Toxicity reduction and toxicity identification of evaluations for effluents, ambient waters, and other aqueous media. Pensacola FL: SETAC. 455 p. (www.setac.org)

Pyrethroid-specific TIE methods:  Anderson BS, Phillips, BM Hunt JW, Voorhees J, Clark S, Tjeerdema RS. 2008. Recent advances in sediment toxicity identification evaluation methods emphasizing pyrethroid pesticides.  In: Gan J-G, Hendley P, Spurlock F, Weston D. (eds.), Synthetic Pyrethroids: Occurrence and Behavior in Aquatic Environments. American Chemical Society Books, Washington, DC . 481 pp.











Other TIE/TRE Resources
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Acronyms

COC – Chain of Custody

IWC – In-stream Waste Concentration

LC/EC –Lethal/Effect Concentration

LOEC – Lowest Observed Effect Concentration

NOEC – No Observed Effect Concentration

NPDES – National Pollutant Discharge Elimination System

PMSD – Percent Minimum Significant Difference

QA/QC – Quality Assurance/Quality Control

TAC – Test Acceptability Criteria

TIE – Toxicity Identification Evaluation

TRE – Toxicity Reduction Evaluation

TST – Test of Significant Toxicity

WET – Whole Effluent Toxicity
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Draft Toxicity Amendment
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Project History



In 2002, R4 staff included numeric chronic toxicity limits in 2 LA County Sanitation District permits, resulting in a petition



The State Board declined to make a determination (Water Quality Order 2003-0012)



Resolution No. 2005-0019 required staff to amend the toxicity provisions established in the State Implementation Policy



2













WQO 2003-0012 reinstated the prior narrative chronic limits and stated the need for the issue of toxicity provisions to be considered in a “regulatory setting, in order to allow for full public discussion and deliberation.”



Resolution 2005-0019 required staff to amend the narrative toxicity provisions in the SIP by January 2006.
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Project History



January 2006: Staff held a scoping meeting for the proposed SIP revisions



July 2010: A preliminary draft of the Policy for Toxicity Assessment and Control (Policy) was released



October 2010: Staff released a formal draft of the Policy 



June 2012: The revised, Public Review Draft of the Policy was released



September 2012: The draft Policy was changed into an amendment to the Water Quality Control Plan for Enclosed Bays and Estuaries of California

3













WQO 2003-0012 reinstated the prior narrative chronic limits and stated the need for the issue of toxicity provisions to be considered in a “regulatory setting, in order to allow for full public discussion and deliberation.”



Resolution 2005-0019 required staff to amend the narrative toxicity provisions in the SIP by January 2006.
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Proposed Provisions

Numeric water quality objectives



Uniform reasonable potential (RP) analyses and effluent limits/triggers



Monitoring frequency based on discharge rate



Standardized accelerated monitoring schedule



Requirement to perform TREs



Exceptions for qualifying dischargers



Required use of TST statistical approach
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Proposed Provisions

Numeric Water Quality Objectives



Chronic Toxicity



H0: Mean response (ambient receiving water) ≤ 0.75 • mean response (control)



Acute Toxicity



H0: Mean response (ambient receiving water) ≤ 0.80 • mean response (control)



Compliance is demonstrated by rejecting these null hypotheses



Objectives address aquatic life beneficial uses



Applied to all inland surface waters, enclosed bays, and estuaries of the state
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A percent effect at the IWC below 25 for chronic, or 20 for acute, will enable the rejection of these null hypotheses and compliance with the objectives, as well as the proposed effluent limitations as we intend to have these objectives directly applied as effluent limitations. 



These objectives are intended to protect aquatic life beneficial uses such as warm freshwater habitat, cold freshwater habitat, wildlife habitat, estuarine habitat, etc.

5



Proposed Provisions

RP Analyses/Species Sensitivity Screenings



Chronic Toxicity – 1 vertebrate, 1 invertebrate, 1 plant



Acute Toxicity – 1 vertebrate, 1 invertebrate



4 tests per species



RP is assigned to WWTPs discharging ≥ 5 MGD



RP is demonstrated when:



Any test results in a “fail”



Effect is greater than 10%
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The term “publicly owned treatment works” could be replaced by “wastewater treatment plants” in the draft amendment, as there are some facilities that operate under public/private sector partnerships that we’ll likely want to regulate in the same manner.



Wastewater treatment plants authorized to discharge at a rate of 5 MGD or greater would be “assigned” reasonable potential, in accordance with 40 CFR Section 122.44(d)(1)(i), and the requirement to conduct an RPA would be “waived” (however, this is a technicality as the species sensitivity screening required of these  would be identical). 



The referenced section of the Code of Federal Regulations grants the Executive Director the ability to make a determination regarding one or more pollutants that may be discharged at a level which will cause, have the reasonable potential to cause, or contribute to an excursion above any State water quality standard, including the proposed toxicity objectives. This determination was made due to the fact that WWTP’s of this size are typically enrolled in the pretreatment program and the steady, voluminous flow of influent may contain pollutants that pass through or interfere with plant operations.
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Proposed Provisions

Effluent Limitations/Triggers



Chronic MDEL/trigger – “fail” with ≥ 50% effect



Acute MDEL/trigger – “fail” with ≥ 40% effect



MMEL – 2 out of 3 tests result in a “fail”





Exceedances:



Accelerated Monitoring – Exceedance of MDEL/trigger or MMEL (maximum of 3 tests over a 45-day period)



TRE – Any test results in a “fail” during accelerated monitoring
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As previously mentioned, State Water Board upper management is currently evaluating the potential use of numeric triggers for the acute and chronic Maximum Daily Effluent Limitations (MDELs). If these triggers were applied, an “exceedance” would only require the implementation of an accelerated monitoring schedule as no violation would be accrued by the discharger. Regardless of whether or not the MDEL stays a limitation or changes to a trigger, an exceedance would occur when a routine chronic or acute toxicity test results in a “fail” with an effect of 50% or 40%, respectively. A toxicity test that results in a “fail” below these effect thresholds would be required to determine compliance with the median monthly effluent limitation by conducting a maximum of two additional toxicity tests within 20 days from the initial result of “fail.”





While these toxicity provisions are primarily aimed at NPDES wastewater and point source WDR dischargers, we are also proposing the use of the TST for storm water and other dischargers that are required to monitor toxicity in a permit, WDR, WDR Waiver, or Conditional Prohibition. More on that in a little bit. 



Accelerated monitoring would be required if the MDEL or MMEL is exceeded. In tightening up the requirements previously proposed in the draft Toxicity Policy, we’re requiring dischargers to implement an accelerated monitoring schedule-consisting of a maximum of 3 tests-within seven days of the exceedance, and have it conclude within 45 days. If an accelerated test results in a “fail,” any remaining tests would be waived and a Toxicity Reduction Evaluation would be required. It’s worth noting that if upper management decides to propose an MDEL trigger, an accelerated monitoring schedule would essentially double as a means of determining compliance with the MMEL, in that a result of “fail” during an accelerated monitoring schedule triggered by an exceedance of the MDEL would also be considered an exceedance of the MMEL, and the offending discharger would receive a violation.
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Proposed Provisions

Monthly Monitoring



WWTPs and industries continuously discharging ≥ 5 MGD



WWTPs can qualify for monitoring reduction



Non-continuous dischargers that discharge ≥ 5 MGD for 15 or more days



Quarterly Monitoring

WWTPs and industries continuously discharging < 5 MGD



Non-continuous dischargers that discharge < 5 MGD for 15 or more days
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In order for a POTW to qualify for a small disadvantaged communities exception, the municipality that they serve must have a population of 20,000 persons or less, or a reasonably isolated and divisible segment of a larger municipality encompassing 20,000 persons or less, with an annual median household income that is less than 80 percent of the statewide annual median household income.



Only entities that discharge less than one million gallons per day on a non-continuous basis can qualify for the insignificant discharge exception.



The categorical and case-by-case exceptions come directly from the SIP. Categorical exceptions deal primarily with resource or pest management and maintenance for water supply reservoirs and conveyances. Case-by-case exceptions are intended for individual water bodies or watersheds that differ sufficiently from statewide conditions. And unlike small disadvantaged communities and insignificant discharges, activities that qualify for these exceptions are not required to meet the proposed toxicity objectives.



Dischargers utilizing flow-through acute toxicity testing systems to conduct weekly monitoring before the adoption of the draft amendment would be “exempt” from RP, the proposed monitoring schedules, the TST, and TREs due to the fact that these two-chamber systems are not amenable to the TST approach which requires a minimum of four replicate chambers. This exception would allow the Regional Boards to essentially grandfather-in the current requirements for these dischargers, or create unique requirements that are protective of the proposed objectives.
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Proposed Provisions

Storm Water and Nonpoint Source Dischargers





13383 and 13267 letters will be sent to dischargers currently required to monitor toxicity



These dischargers will then have 1 year to switch to the TST for all toxicity test analyses



The draft amendment does not require storm water and nonpoint source dischargers to implement a toxicity monitoring program
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In order for a POTW to qualify for a small disadvantaged communities exception, the municipality that they serve must have a population of 20,000 persons or less, or a reasonably isolated and divisible segment of a larger municipality encompassing 20,000 persons or less, with an annual median household income that is less than 80 percent of the statewide annual median household income.



Only entities that discharge less than one million gallons per day on a non-continuous basis can qualify for the insignificant discharge exception.



The categorical and case-by-case exceptions come directly from the SIP. Categorical exceptions deal primarily with resource or pest management and maintenance for water supply reservoirs and conveyances. Case-by-case exceptions are intended for individual water bodies or watersheds that differ sufficiently from statewide conditions. And unlike small disadvantaged communities and insignificant discharges, activities that qualify for these exceptions are not required to meet the proposed toxicity objectives.



Dischargers utilizing flow-through acute toxicity testing systems to conduct weekly monitoring before the adoption of the draft amendment would be “exempt” from RP, the proposed monitoring schedules, the TST, and TREs due to the fact that these two-chamber systems are not amenable to the TST approach which requires a minimum of four replicate chambers. This exception would allow the Regional Boards to essentially grandfather-in the current requirements for these dischargers, or create unique requirements that are protective of the proposed objectives.
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Proposed Provisions

Exceptions



Small disadvantaged communities

Population ≤ 20k and median household income (MHI) < 80% of statewide MHI



Insignificant discharges

No RP to exceed objectives



Categorical exceptions

Short-term/seasonal



Case-by-case exceptions

Site-specific conditions



Flow-through acute toxicity testing systems

Allows for continued use
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In order for a POTW to qualify for a small disadvantaged communities exception, the municipality that they serve must have a population of 20,000 persons or less, or a reasonably isolated and divisible segment of a larger municipality encompassing 20,000 persons or less, with an annual median household income that is less than 80 percent of the statewide annual median household income.



Only entities that discharge less than one million gallons per day on a non-continuous basis can qualify for the insignificant discharge exception.



The categorical and case-by-case exceptions come directly from the SIP. Categorical exceptions deal primarily with resource or pest management and maintenance for water supply reservoirs and conveyances. Case-by-case exceptions are intended for individual water bodies or watersheds that differ sufficiently from statewide conditions. And unlike small disadvantaged communities and insignificant discharges, activities that qualify for these exceptions are not required to meet the proposed toxicity objectives.



Dischargers utilizing flow-through acute toxicity testing systems to conduct weekly monitoring before the adoption of the draft amendment would be “exempt” from RP, the proposed monitoring schedules, the TST, and TREs due to the fact that these two-chamber systems are not amenable to the TST approach which requires a minimum of four replicate chambers. This exception would allow the Regional Boards to essentially grandfather-in the current requirements for these dischargers, or create unique requirements that are protective of the proposed objectives.
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Project Goals

The draft toxicity amendment will:



Protect aquatic life beneficial uses of inland surface waters, enclosed bays, and estuaries



Comply with Resolution 2005-0019



Provide a clear and consistent statistical method to interpret data



Establish a uniform approach to toxicity control



Provide for an efficient regulatory program
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Toxicity Project Webpage

http://www.waterboards.ca.gov/water_issues/programs/state_implementation_policy/tx_ass_cntrl.shtml













Zane Poulson

PSI Unit Chief

(916) 341-5488

zane.poulson@waterboards.ca.gov
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Permit Development for Toxicity



















Quality Assurance Management review and oversight to ensure data quality during data collection.

Quality Control Activities required during data collection to produce the desired data quality.
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Outline

Assume:

Reasonable potential has been evaluated



Cover:

Key permit requirements for toxicity to address potential problems
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NPDES Permit Goals for Toxicity

Protect water quality:

Meet WQS for toxicity

Effluent limits preempt toxicity impacts to receiving water from permitted discharge

Monitor effluent for changes in quality / new contaminants



Secure accountability:

Clearly express toxicity effluent limits, thresholds for accelerated monitoring / TREs, and other toxicity conditions

Enforceability is key

15













15





Steps to Develop WQBELs

Identify applicable acute and chronic WQS



Determine authorized dilution factor



Determine reasonable potential



Calculate WQBELs, if there is reasonable potential



Establish permit requirements for toxicity
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Region Basin Plan Requirements


Narrative toxicity objective example:

All waters shall be maintained free of toxic substances in concentrations that are lethal to or that produce other detrimental responses in aquatic organisms. Detrimental responses include, but are not limited to, decreased growth rate and decreased reproductive success of resident or indicator species.



Numeric acute toxicity objective

Narrative chronic toxicity objective

Detailed toxicity implementation procedures
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Permit Requirements for Toxicity
Need to Address …

Expression of effluent limit and threshold for accelerated monitoring / TREs

Effluent limit averaging period

Discharge-specific IWC (chronic, acute)

Statistical endpoint

Acute or chronic toxicity monitoring

Monitoring frequency

Sample collection and handling

Test species and methods

Test type and duration

Statistical endpoint / IWC and dilution series selection

Dilution water

Reference toxicant testing

Other QA conditions

Reporting

Steps to address toxicity

Permit reopener condition
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Toxicity Monitoring

Acute toxicity:

Biological endpoint is lethality



Chronic toxicity:

Biological endpoints are growth, reproduction, fertilization, and (sometimes) lethality



Does a permit need both? 

Relative sensitivity of test species to potential toxicants

Difference between acute and chronic dilution factors
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Monitoring Frequency

		RB2 Basin Plan		Shallow Water Dischargers		Deep Water Dischargers		

		Quarterly						

		3- sample median		> 1 TUc				> 10 TUc

		1-sample maximum		> 2 TUc				> 20 TUc

		Semi-annually or Annually						

		1-sample maximum		> 1 TUc				> 10 TUc



		Other Possible Frequencies		Discharge Volume

		Quarterly		< 1 MGD

		Monthly		≥ 1 MGD
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Sample Collection and Handling 

Composite or grab sample?

Effluent variability

Continuous or intermittent discharge

Logistics



Handling and shipping

Chill ≤ 6°C

≤ 36 hour hold time to start of toxicity test 
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Test Species and Methods

Choose NPDES test method from 40 CFR 136, based on receiving water salinity

Chronic freshwater – 4th edition

Chronic marine West Coast – 1st edition

Chronic marine East Coast – 3rd edition 

Acute freshwater and marine – 5th edition

Recommend multi-species screening

Fish, invertebrate, and alga for chronic testing

Fish and invertebrate for acute testing

Specify statistical endpoint for comparison

Continue testing with most sensitive species
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Test Type and Duration

Acute tests are conducted as:

Static non-renewal, static renewal, or flow-through test

	Some dischargers conduct flow-through test, but intermittent or < 1 MGD dischargers conduct static renewal test

Test duration - 24, 48, or 96 hours

Bay Area dischargers conduct 96 hour test using fish



Chronic tests are conducted as:

Test type specified in methods manual

Test duration - 9 days or less
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Statistical Endpoint

Acute

LC/EC50

NOAEC - LOEAC

Pass/fail (traditional)

Pass/fail, relative % effect (TST)

% survival (no statistics)

Chronic

EC/IC25

NOEC - LOEC

Pass/fail (traditional)

Pass/fail, relative % effect (TST)
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Statistical Endpoint / IWC and Dilution Series Selection

Effluent testing:

Multi-concentration test:

5 test concentrations (including IWC) + control

Single-concentration test:

IWC + control



Stormwater & ambient water testing: 

Single-concentration test:

100% concentration + control (or called “two concentration test design”)
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Dilution Water

Synthetic laboratory water or receiving water



Select based on the objective of the test

Absolute toxicity of effluent (laboratory water)

Effect of effluent on uncontaminated receiving water (receiving water)

Effect of effluent on contaminated receiving water (receiving water)



Brine Control

Dual control
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Reference Toxicant Testing

Should use same reference toxicant, test conditions, dilution water



Outside culture: concurrent testing



In-house culture: monthly testing
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QA and Other Conditions

Must meet TAC in test methods manual

Examine applicable test conditions table in test methods manual

Multi-concentration tests must be reviewed following EPA 821-B-00-004 (USEPA 2000)

Chronic tests using NOEC must achieve available PMSD/MSD for sublethal endpoints

Address substances allowed to be removed from effluent sample prior to toxicity testing (ammonia, chlorine, etc.)

Address toxicity related to substances controlled using chemical-specific effluent limits
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Reporting Toxicity Data

Summary of toxicity test results

Water quality measurements for each toxicity test

Statistical analysis summary sheets

Raw data sheets

Chain of custody forms

Compare reported information to:

Permit effluent limits and conditions; test method conditions and TAC; requirements for statistical analysis; need for follow-up
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Steps to Address Toxicity

Need to determine the magnitude and frequency of toxicity 



1-2 page TRE “fire plan”



Accelerated testing language



Include TRE / TIE language



30













30





Permit Reopener Condition

Allows permitting authority to reopen permit and implement new effluent limits or conditions



Example: 

In accordance with 40 CFR 122 and 124, this permit may be modified to include effluent limits or permit conditions to address toxicity in the effluent; toxicity in the receiving water as a result of the discharge; or to implement new, revised, or newly interpreted water quality standards applicable to toxicity.
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For More Information …

Denton DL, Miller JM, Stuber RA. EPA Regions 9, 8, and 10 Toxicity Training Tool (TTT). January 2010. 

San Francisco, CA.

http://www.epa.gov/region8/water/wet/ToxTrainingTool10Jan2010.pdf



Debra Denton		Robyn Stuber

U.S. EPA Region 9		U.S. EPA Region 9	

(916) 341-5520		(415) 972-3524

denton.debra@epa.gov        		stuber.robyn@epa.gov



32















32



Statistical Analysis, Data Review, 
and the
Test for Significant Toxicity (TST)
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Is There a Toxic Effect?

Hypothesis Test - Does a critical concentration of the sample show a statistically significant decrease in organism response as compared to the control?

Multiple Concentration - Compares each tested concentration to the control to determine the LOEC (statistically significant response) and NOEC (not statistically significant response) 

Dunnett’s Test, Steel’s Many-One Rank Test, etc.

Single Concentration - Compares an important concentration (the IWC) to the control to determine if there is a statistically significant response: Pass (not toxic) or Fail (toxic)

Test of Significant Toxicity (TST) or standard t-test

Point Estimates - At what concentration is an effect observed and is the critical concentration (IWC) less than this value? 

Multiple Concentration - LC50, EC25 or IC25













Multiple-Concentration Approach













































































































       	Control       1         2         3          4         5
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Used for Hypothesis Testing (NOEC and LOEC), and Point Estimates 

(EC25, IC25 , or LC50)
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Multiple Concentration
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NOEC

LOEC

LC50













Copper Reference Toxicant

% Fertilized	2.1269904639996637	2.4178422763993841	11.42876580259399	14.029317906950752	8.2444060736227573	0.51281230826016699	2.1269904639996637	2.4178422763993841	11.42876580259399	14.029317906950752	8.2444060736227573	0.51281230826016699	0	5.6	10	18	32	56	95.958780127096887	94.878433057949806	85.654291066619791	54.696740622748131	8.5728038072061228	1.0737976080047589	Copper Concentration (µg/L)

Percent Survival



































Control

Sample 





















Single Concentration Approach - Compares Sample to Control
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Used for T-Test and Test for Significant Toxicity (TST)



Can also be used in multiple concentration test design, but  the analysis is to only compare the IWC concentration to the control concentration













Show multiple concentrations, but highlight the two concentrations for analysis.
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Sometimes, hypothesis tests can detect small differences between control and sample
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Effects of Variability

% Effect = 11.7

NOEC = Toxic

TST = Non-Toxic
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C. dubia Reproduction

3.6	3.6	Control	IWC	42	6.1	6.1	Control	IWC	37	Control   			IWC



Average Reproduction





Sometimes, hypothesis tests CANNOT detect actual differences between control and sample
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Effects of Variability

% Effect = 30.9

NOEC = Non-Toxic

TST = Toxic













Freshwater tests
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C. dubia Reproduction

2.2000000000000002	2.2000000000000002	Control	IWC	23	12.3	12.3	Control	IWC	16	Control   			IWC



Average Reproduction





Effects of Variability on Standard t-Test Result

40

Control Mean = 90% Survival (SD = 7.1%)
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22% Effect with Increasing SD

Significant	0	7.1	15.8	0	7.1	15.8	1	2	3	4	5	77.8	77.8	77.8	Not Significant	22.4	30.8	22.4	30.8	1	2	3	4	5	77.8	77.8	Survival (% Control)



Effects of Variability on TST Result

41

Control Mean = 90% Survival (SD = 7.1%)
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22% Effect with Increasing SD

Pass	0	7.1	0	7.1	1	2	3	4	5	77.8	77.8	Fail	15.8	22.4	30.8	15.8	22.4	30.8	1	2	3	4	5	77.8	77.8	77.8	Survival (% of Control)



We Want to Answer the Question:

“Is the Sample Toxic?”
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For the purposes of a regulatory program, the statistics should give you a “yes” or “no” answer



The TST is designed to give a yes or no answer using rigorous, peer-reviewed statistics



Only control and a single sample are statistically compared, and the permittee now demonstrates that sample is NOT toxic  













What is the 

Test of Significant Toxicity (TST)?

A peer reviewed statistical analysis procedure for toxicity data (Denton et al., 2011; Diamond et al., 2011; Zheng et al., 2013; Diamond et al., 2013)



Can be used with all environmental media and testing programs involving toxicity testing:

Ambient

Stormwater

Effluent

Sediment
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TST is NOT a Change to the WET Test Methods

Labs still conduct the same biological test methods:



Same organisms

Same food

Same testing procedures

Same test acceptability criteria
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How is TST Different from Other 

U.S. EPA Statistical Analysis Approaches? 


TST uses explicit regulatory management decisions and test design error rates to ensure that:

Biologically insignificant effects are declared “non-toxic” most of the time

Unacceptable toxicity is identified as “toxic” most of the time



Result is that regulatory decisions will have higher confidence and will be more transparent using TST 
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Hypothesis Testing
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				Traditional		TST

		Null Hypothesis				

		Type I (alpha)				

						

						

		Type II (beta)				

						

						



Set at 0.05

Sample is safe, but declared “toxic”

Permittee Concern

Set at 0.05 – 0.25

Sample is toxic, but declared “safe”

Regulatory Concern

Not Established

Sample is toxic, but declared “safe”

Regulatory Concern

Set at 0.05

Sample is safe, but declared “toxic”

Permittee Concern

Mean sample ≥ Mean control

Sample is Safe

Mean sample ≤ b * Mean control

Sample is Toxic

Rejecting when True

Accepting when False













Null Hypothesis refers to a general or default position: that there is no relationship between two measurements.

In both cases Alpha is the Type I Error Rate (rejecting the null when it is true), and Beta is the Type II Error Rate (accepting the null when it is false).  

TST statistical approach re-states the null hypothesis.  



Under the TST approach, beta is the error rate that the permittee is interested in and desires to be minimized.  The beta in the TST is set at 0.05 or less.  The beta in the TST is set at the same rate as under the traditional HT (which is the alpha = 0.05).  So, bottom line is the permittee is getting the same error rate for either approach.
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What is the Bioequivalence b?

47

Ho: Mean sample < b * Mean control



Represents the threshold for unacceptable toxicity



The proportion of control response that is considered equivalent to the control (i.e., within typical response ranges for the test) 

	  =  20% effect for acute tests  

 	  =  25% effect for chronic tests (similar to IC25)



Ensures that small, but statistically significant differences between control and an effluent concentration (e.g., IWC) are not interpreted as a toxic response













TST Statistical Analysis Flowchart

Conduct WET test

Apply arcsine square root transformation for percent data 

(e.g., survival) 

Calculate t value using TST Welch’s t-test

Calculated t value > critical t value?

YES

NO

Sample is NOT Toxic

“Pass”

Sample is Toxic

“Fail”
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Conclusion

49

Improved transparency of regulatory decisions



TST analysis is more efficient in the calculations and 	interpretations, therefore clearer determination of 	compliance (definitive test result)



Both error rates are incorporated



Direct incentives to generate higher quality WET data



Streamlines the data interpretation process and  	therefore, reduces this subjectivity component 
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Data Examples
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Hypothesis Testing – NOEC/LOEC and TST














C. dubia Reproduction

Neonates	4.8	3.1	3.8	5.2	7.2	0	4.8	3.1	3.8	5.2	7.2	0	0	12.5	25	50	75	100	26	25	27	25	4.2	0	Sample Concentration (%)



Average Neonates







CETIS Output – C. dubia Reproduction
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NOEC/LOEC with Dunnett’s Procedure
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CETIS Output – C. dubia Reproduction

Summary and Replicate Data
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CETIS Output – C. dubia Reproduction

TST Analysis with Welch’s t Test
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CETIS Output – C. dubia Reproduction

Summary and Replicate Data
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Data Example 1 - Background

The following are reports from a self-reporting permittee that conducts toxicity testing in house and is ELAP certified

The facility is effluent dominated (IWC = 100%)

The permit is expressed as a narrative limit with a trigger of 1.0 TUc = 100/NOEC with no daily maximum 

The permit has no daily maximum trigger or cap on the number of tests to determine the monthly median trigger

The cover letter uploaded to CIWQS - states "No toxicity for the compliance month"
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Data Example 1 – Test 1














C. dubia Reproduction

Neonates	8.4	6.4	6	12.8	9.6	9.6	8.4	6.4	6	12.8	9.6	9.6	0	20	40	60	80	100	36	34.9	34.5	33.200000000000003	31.2	27.1	Sample Concentration



Average Neonates
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Data Example 1 – Test 1

TST = Fail























Data Example 1 – Test 2
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C. dubia Reproduction

Neonates	7.6	10.6	9.9	2.8	13.8	9.1	7.6	10.6	9.9	2.8	13.8	9.1	0	20	40	60	80	100	36.700000000000003	34.1	32.700000000000003	35	28.8	29.5	Sample Concentration



Average Neonates
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Data Example 1 – Test 2









TST = Fail
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Data Example 1 – Test 3














C. dubia Reproduction

Neonates	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	0	20	40	60	80	100	34	27.3	25.6	23.4	21	24.2	Sample Concentration



Average Neonates
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Data Example 1 – Test 3










TST = Fail
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Data Example 1 – Test 4














C. dubia Reproduction

Neonates	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	0	20	40	60	80	100	39.4	38.5	34	27.3	28.9	28.5	Sample Concentration



Average Neonates
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Data Example 1 – Test 4
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Data Example 1 – Test 4










TST = Fail
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Types of Concentration Response Relationships













Concentration Response:
Three Possible Outcomes 

The calculated effect concentrations are reliable and should be reported



The calculated effect concentrations are anomalous – further investigation and explanation necessary



Test results were inconclusive – collect new sample and repeat test
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Talking Points 

In the Final 2002 Rule, USEPA requires the review of concentration-response relationships for all multi-concentration tests.  Under this requirement, the concentration-response relationship generated for each multi-concentration test must be reviewed to ensure that calculated test results are interpreted appropriately.

This means that the concentration-response relationship be reviewed, but does not require that a concentration-response relationship be established before determining that toxicity is present.

Examining the curve can be helpful in determining whether an effluent is toxic and in identifying anomalous test results.

It should be noted that the determination of a valid concentration-response relationship is not always clear cut.  In some cases, data interpretation may require consultation with professional toxicologists and regulatory officials.

Tests that exhibit unexpected concentration-response relationships also may indicate a need for further investigation and possible retesting.
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Data Example 1 – Test 5














C. dubia Reproduction

Neonates	12	4.9000000000000004	5.9	15.2	10.8	12.3	12	4.9000000000000004	5.9	15.2	10.8	12.3	0	20	40	60	80	100	37.200000000000003	38.9	32.6	28.4	33.80000	0000000004	32.9	Sample Concentration



Average Neonates
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Data Example 1 – Test 5










TST = Pass
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Data Example 1 – Summary (3 tests are toxic)

		Test		Percent Effect 
(100% Sample)		NOEC/LOEC		TST		Comments

		1		24.7		80/100		Fail		This test is toxic  

		2		19.6		80/100		Fail		TST could have passed with lower variability

		3		28.8		100/>100		Fail		High variability caused test to pass NOEC/LOEC and clearly has an important effect level; should be declared toxic

		4		27.7		100/>100		Fail		Test would have failed NOEC/LOEC without “anomaly;”  should be declared toxic

		5		11.6		100/>100		Pass		Test would have failed NOEC/LOEC without “anomaly”















Data Example 2
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Neonates	10.9	4.9000000000000004	9.1	6.7	19.600000000000001	13.5	10.9	4.9000000000000004	9.1	6.7	19.6000000000000	01	13.5	0	12.5	25	50	75	100	33.200000000000003	40.5	38.700000000000003	38	25.1	29.4	Sample Concentration



Average Neonates





Data Example 2
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TST = Pass
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Data Example 3













Neonates	14.9	4	5.8	2.8	7.4	19.399999999999999	14.9	4	5.8	2.8	7.4	19.3999999999999	99	0	12.5	25	50	75	100	41.2	47.9	46.5	46.7	41.9	31.7	Sample Concentration



Average Neonates
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Data Example 3









TST = Fail
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Data Example 4













Neonates	4.9000000000000004	17.7	13.7	7.9	2.2000000000000002	4.8	4.9000000000000004	17.7	13.7	7.9	2.2000000000000	002	4.8	0	12.5	25	50	75	100	37.9	28	30.4	35.6	36.1	35.200000000000003	Sample Concentration



Average Neonates
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Data Example 4









TST = Pass



















Use of CRR with TST?
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The concentration-response relationship (CRR) was designed to assist in the more complex data review of the statistical approaches, the NOEC and point estimates (EC25) 



The CRR is a test review step and not a quality assurance requirement



The statistical approach of TST is different from that of the NOEC approach, and while the interpretation of the CRR plays a role in the review of the NOEC, it is not necessary for the TST analysis
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Data Example 5 - Background

“The discharge is subject to “Pass” or “Fail” and “Percent Effect” from a single effluent concentration chronic toxicity test at the discharge IWC using the Test for Significant Toxicity (TST) approach described by the NPDES Test of Significant Toxicity Implementation Document…”

Monthly Median Effluent Limit – Pass with TST

Maximum Daily Effluent Limit – Pass and <50% effect























Data Example 5 - Wrong Analysis 
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Data Example 5 - Wrong Analysis 

















Data Example 5 – Water Quality

81















TST Calculator
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TST Calculator
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